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Abstract
Phaseolus vulgaris L. is a salt-sensitive species. For this reason, the purpose of the face work was to determine 
the effect of excess NaCl on the content of the chlorophyll pigments as an indicator of salt stress tolerance. 
Therefore, in the present study, of the influence of saline solutions of 100 mM and 200 mM NaCl was studied on 
the content of assimilatory pigments, to 7 local populations of common beans,  collected from areas with saline 
soils, from Nord-East of Romania and grown under greenhouse conditions, at the pots. The experiment is part 
of a broader research, and the determination of pigment content is only one stage of this research, because and 
other physiological and biochemical parameters are analyzed. 15 days after treatment the content of chlorophyll 
a, chlorophyll b and carotenoids pigments showed higher values compared with analyzes performed after 30 days. 
The overall objective of the research is to contribute to a better understanding of the physiological mechanisms involved in the saline stress tolerance of Phaseolus vulgaris L., identification of local populations of salinity-tolerant 
beans and their use in breeding programs of this species. As novelty, in the current study, new genotypes were 
found of bean, from Nord-East of Romania, tolerant to this factor.
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Introduction 
Salt stress is an ever-present threat to crop 
yields, especially in countries with irrigated 
agriculture. Efforts to improve salt tolerance of 
crop are vital for sustainable crop production on 
marginal lands to ensure future food supplies. 
Leguminous plants are a fascinating group of plants 
due to their high to have the protein and capacity to 
fix biological nitrogen. However, the accumulation of excessive salts in soil and the use of saline 
groundwater are threatening legume production 
worldwide. Salt stress affects photosynthesis 
and hormonal regulation. It causes nutritional 
imbalance, specific ionic toxicity and osmotic 
effects on legumes, reducing, in the meantime, 
theyield and plant quality. Understanding legumes 
responses to salt stress and associated tolerance 
mechanisms, as well as evaluating management 
options, can help develop strategies to improve 
the performance of legumes under the influence of saline stress (Farooq et al., 2017).
Photosynthesis takes place in the cells of 
green organs exposed to light. They contain 
chloroplasts where a complex of photosynthetic 
or assimilatory pigments, represented by green 
or chlorophylls pigments (chlorophyll a and b) 
and yellow or carotenoids pigments - carotene 
and xanthophyll (Jităreanu et al., 2011). The 
photosynthetic system consists of a complex 
of assimilatory pigments constituted in light 
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absorption antennas and reaction centers, which 
forms the so-called photosynthesis units. The 
photosynthetic pigments are associated with 
proteins needed to stabilize the photosystems.
The antennas play a role in capturing 
lightenergy and its transfer into reaction centers. 
The antennas represent 90% of the photosynthetic 
system pigments, called auxiliary pigments, 
accessories or photoreceptors.These contain 
chlorophyll a, chlorophyll b and carotenoids 
pigments which have the property of absorbing 
from the visible spectrum radiation with range 
between 700 nm and 400 nm, with high energy 
load (Toma, and Jităreanu, 2007). 
The quantitative determination of chlorophyll (Chl) a, b and the carotenoids from the total 
pigments extract of green plant tissue, by UV-VIS 
spectroscopy is a complicated process. The sample 
choice, solvent system, and spectrophometer type are limitative factors in quantitative determination 
of above mentioned pigments, also, taking into 
account that different pigments absorb light in 
overlapping spectral regions, depending on the 
system selected (Lichtenthaler, and Buschmann, 
2001).The overall objective of the research is to contribute to a better understanding of the 
physiological mechanisms involved in the saline stress tolerance of Phaseolus vulgaris L. and the 
identification of local populations of salinity-
tolerant beans. These forms can be used to improve 
morphological features involved in achieving high 
production capacity and/or disease resistance.
seven bean genotypes (Blăgești 1, Blăgești 2, 
Blăgești 3, Blăgești 4, Moșna, Săveni and Trușești 
2) growth in greenhouse conditions (USAMV 
Iași), during the period 2017-2018 and exposed 
to salt stress over a time period of 30 days. They 
were constantly wetted with saline solution to 
a concentration of 100 mM and 200 mMNaCl. 
In Greenhouse from the USAMV Iași, plants 
cultivation environmental conditions may be 
manipulated (Figure 1). 
Thus, the temperature was 21ºC (night), and 24oC (day), from May to September, and 
average daily relative air humidity (RH) was 
of 70%, at high light intensity of 112–114 W/m2–long day length (L 16:D 8 h). The above 
mentioned conditions areappropriate for 
growth and development of bean plants.The 
biological material was represented by local bean 
populations collected from areas with saline soils 
from Moldavia region (Iași, Vaslui and Botoșani). 
The experimental pattern was represented by a 
bifactorial experience, with randomized blocks 
with three graduations (Control, 100 mM NaCl, 
200 mM NaCl).The assimilatory pigments analysis 
was done in the Laboratory of Plant Physiology, 
Faculty of Agriculture, from USAMV Iași. The 
spectrophotometric method has been used and the 
pigments content was calculated by the formulas 
proposed by Holm (1954). For determination 
of photosynthetic pigments of leaves we used a 
UV spectrophotometer type – 1800. The content 
of chlorophylls pigments was assessed by light 
absorption ability of the acetone extract of 
pigments (1%) in the visible spectrum.The extinctions (absorbance) of the extract 
were determined at the wavelengths: 440.5 nm, 
662 nm and 646 nm. The amount of pigments was 
calculated using the following formulas:
- Chlorophyll a (mg/g-1 FW) = 9.78 A662- 0.99 A646
- Chlorophyll b (mg/g-1 FW) = 21.4 A646 - 4.65 A662
- Carotenoid pigments (mg/g-1FW) = 4.69 A
440.5
- 
0.267 (Chla + Chlb).
The results were statistically interpreted 
with Student test model,using Microsoft Excel 
Data Analysis program, and means of traits were 
compared, using the TTEST.
Results and discussions 
Salinity disturbs overall plant growth of legumes (Flexas et al., 2004) by influencing the 
complex interaction of hormones, nutritional 
imbalances, speciﬁc ion toxicity and osmotic effects 
(El Sayed, 2011). Salinity has strong and diverse 
effects on the overall plant growth, grain yield, and 
quality and composition of grains (Manchanda 
and Garg, 2008). For instance, photosynthesis of legumes decreases under salt stress due to the CO2 supply and/or salinity induced reductions 
in photosynthetic pigments and disturbance in 
electron transport activity of photo-system II 
(PS II). Reduced availability of CO2 is caused by 
limitations in diffusion through stomata while 
the reduction in photosynthetic pigments and 
electron transport activity of PS II are caused by 
speciﬁc ion toxicity from over-accumulated Na+ 
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and/or Cl- and/or salinity-induced oxidative stres (Flexas et al., 2004).Increased chlorosis and necrosis of leaves are 
often observed under salt stress, which trigger leaf 
senescence, in legumes (Sehrawat et al., 2013). 
Likewise, grain protein contents in legumes decline under salt stress due to reduced nitrate (NO3) absorption from the soil solution and/or 
disturbed N metabolism (Ghassemi-Golezani et 
al., 2010).
As a result of the researches carried out, 
the spectrophotometric analysis performed 15 
days after application of saline solutions reveals 
in control variant that the chlorophyll content 
was close to experimental populations, ranging 
between 0.30 mg/g-1 FW (Blăgești 3) to 0.42 mg/g-1 FW (Trușești 2). Of the variants treated with 
saline solution of 100 mM NaCl, only one genotype 
(Blăgești 2) recorded a higher value (0.45 mg/g-1 
FW) compared with the control variant; the other 
genotypes having lower values ranging from 0.23 
mg/g-1 FW to 0.41 mg/g-1 FW. When the solution 
200 mM NaCl has been applied, four of the seven 
genotypes studied showed higher values than 
the control variant (0.41 mg/g-1 FW and 0.42 
mg/g-1 FW), suggesting resistance to saline stress, 
while in the case of other populations, content of 
chlorophyll varied from 0.32 mg/g-1 FW (Blăgești 
4) to 0.37 mg/g-1 FW (Blăgești 3) (Tab. 1).
In the second stage of the experiment, three 
genotypes (Blăgeşti 1, Săveni, Trușești 2) from 
the control variant, after 30 days of application 
of saline solutions, recorded higher values  than 
those subjected to saline stress, ranging from 0.31 
mg/g-1 FW to 0.39 mg/g-1 FW. Three genotypes 
(Blăgeşti 4, Blăgeşti 3, Blăgeşti 2) showed lower 
values, which varied between 0.17 mg/g-1 FW and 
0.26 mg/g-1 FW, and local population Moşna was 
characterized by a stable behavior, with a value 
of 0.31 mg/g-1 FW in control variant, and variant 
treated with 100 mM NaCl. Treatment with 100 
mM NaCl led to reduction of the chlorophyll 
content in all seven experimental genotypes, with 
values  ranging from 0.09 mg/g-1 FW to 0.37 mg/g-1 FW, which indicates a reduced resistance to this 
stress factor.
Among the genotypes treated with 200 
mMNaCl, six showed low values  ranging from 0.11 
mg/g-1 FW to 0.47 mg/g FW and only one cultivar 
(Blăgeşti 4) recorded a higher value (0.39 mg/g-1 
Table. 1. The chlorophyll a content after 15 days of the saline treatments (mg/g-1FW)
Population local Control 100 mM NaCl 200 mM NaCl
Blăgești 1 0.36 0.41 0.42
Blăgești 2 0.39 0.45 0.41
Blăgești 3 0.3 0.23 0.37
Blăgești 4 0.34 0.32 0.32
Moșna 0.36 0.35 0.39
Săveni 0.37 0.38 0.34
Trușești 2 0.42 0.41 0.41
Figure 1. Experience in the greenhouse USAMV Iași
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FW), indicating that this genotype has an intense 
photosynthetic rhythm and a high potential to 
salinity resistance (Tab. 2).
The results presented in Tab. 3 reveal that 
after 15 days of application of saline treatment 
to the control variant genotypes, the chlorophyll 
b content,which can assess the absorption 
capacity of the light at the absorption center in the 
photosynthetic systems, was between 0.16 mg/g-1FW (Blăgești 3) and 0.22 mg/g-1FW at Trușești 2.
When saline treatment with 100 mM NaCl 
was applied, six cultivars recorded higher values 
ranging from 0.17 mg/g-1FW to 0.22 mg/g-1FW, 
and the Blăgești 3 population was characterized 
by a minimum of 0.13 mg/g-1 FW.
Three of the genotypes treated with 200 
mM NaCl, Blăgeşti 1, Blăgeşti 2 and Trușești 2, 
respectively, showed higher values  (0.21 mg/g-1FW) compared to the control group, while other 
four genotypes had lower values,  ranging from 
0.17 mg/g-1FW to 0.20 mg/g-1FW.
Analysis of the chlorophyll b content after 30 
days of application of saline treatments reveals 
that three of the genotypes of the control variant 
(Blăgeşti 3, Săveni, Trușești 2) showed equal values 
(0.19 mg/g-1FW), and other four local populations 
presented values which oscillates from 0.08 mg/g-1FW to 0.20 mg/g-1 FW. Concerning the variant 
treated with 100 mM NaCl, we found that five 
genotypes showed lower values, which ranged 
between 0.08 mg/g-1FW and 0.18 mg/g-1FW, and 
only one cultivar (Blăgești 4) had a higher value 
(0.24 mg/g-1FW), compared to the control.The 
variant treated with 200 mM NaCl saline shows 
six genotypes with values  lower than the control 
group, ranging from 0.05 mg/g-1 FW to 0.16 mg/g-1FW, and the Blăgeşti 2 population the highest 
value (0.21 mg/g-1FW) was obtained (Tab. 4).
From the analysis of the results presented 
above, it can be noticed that after 15 days after 
application of saline treatment, the chlorophyll 
a and b contents are higher than those recorded 
after 30 days after exposure to saline stress, which 
indicates  the  local populations studied they 
enrolled in the biphasic model proposed by Munns 
(1993), and the duration of the transition from the 
osmotic stress phase to the ionic toxicity is based 
on the intensity of saline stress and the genotype 
cultivated (Slabu, 2005).
The analysis of carotenoid pigments content, 
performed 15 days after application of saline 
treatments, revealed values  of the carotenoid 
pigments content between 0.09 mg/g-1FW for 
Blăgești 3 and 0.18 mg/g-1FW, for Blăgești 1 in 
control variant.
Exposure to 100 mMNaCl determined an 
increase of the absorbance values in Blăgeşti 2, 
four genotypes (Blăgeşti 1, Blăgeşti 4, Moşna, Trușești 2) recorded lower values, while in other 
two genotypes it ranges from 0.09 mg/g-1FW to 
0.11 mg/g-1FW.
Table 3. The chlorophyll b content after 15 days of the saline treatments (mg/g FW)
Population local Control 100 mM NaCl 200 mM NaCl
Blăgești 1 0.19 0.21 0.21
Blăgești 2 0.19 0.20 0.21
Blăgești 3 0.16 0.13 0.19
Blăgești 4 0.17 0.22 0.17
Moșna 0.19 0.17 0.20
Săveni 0.19 0.19 0.17
Trușești 2 0.22 0.21 0.21
Table. 2. The chlorophyll a content after 30 days of the saline treatments (mg/g-1FW)
Population local Control 100 mM NaCl 200 mM NaCl
Blăgești 1 0.38 0.37 0.31
Blăgești 2 0.20 0.25 0.37
Blăgești 3 0.26 0.09 0.11
Blăgești 4 0.17 0.27 0.39
Moșna 0.31 0.31 0.14
Săveni 0.35 0.36 0.47
Trușești 2 0.39 0.27 0.24
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Exposure to 200 mMNaCl resulted in an 
increase of the absorbance values compared to the 
control variant in two genotypes-Blăgești 3 (0.11 
mg/g-1FW) and Blăgești 4 (0.13 mg/g-1FW). Three 
of the analyzed genotypes (Blăgeşti 1, Săveni, 
Trușești 2) recorded lower values that oscillated 
between 0.10 mg/g-1FW and 0.12 mg/g-1FW (Tab. 
5).
After 30 days of application of saline 
treatments, the carotenoid pigments content was 
0.05 mg/g-1FW in the genotype Blăgești 4 and 0.16 
mg/g-1FW in Blăgești 1. The exposure to 100 mM NaCl resulted in an increase of the absorbance in 
three genotypes (Blăgeşti 2, Blăgesti 4, Săveni) 
subjected to saline stress, compared the control 
variant, and they range between 0.08 mg/g-1FW 
and 0.10 mg/g-1FW.
Applying a saline solution of 200 mM NaCl lead 
to an increase of the absorbance values compared 
to the control variant in three of the experimental 
populations. The values range from 0.10 mg/g-
1FW to 0.12 mg/g-1FW. The genotypes Blăgeşti 1, 
Blăgeşti 3 and Trușești 2 the recorded values were 
lower compared to the untreated variant, which 
shows a low resistance to saline stress (Tab. 6).
Chlorophyll and carotenoid pigments are 
sensitive to high salt concentrations, and their 
lowering is a response to saline stress (Samiullah, 
2011). Carotenoid pigments are lipophilic 
compounds, present in various shades, after 
chlorophyll the most diverse pigments in nature. 
Carotenoids play essential roles in photosynthesis 
and photo-protection (Domonkos et al., 2013; 
Niyogi and Truong, 2013; Hashimoto et al., 2016). Carotenoid derivatives act as signaling molecules 
to mediate plant growth media and environmental 
index responses, in our case salinity (Havaux, 
2014; Tian, 2015; Hou et. al., 2016).
Tab. 7 shows the statistical differences between 
the control variant and the variants treated with 
saline solutions. This analysis proves that the 
differences between the three considered variants 
Table 5. The carotenoid pigments content after 15 days of the saline treatments (mg/g-1FW)
Population local Control 100 mM NaCl 200 mM NaCl
Blăgești 1 0.18 0.12 0.12
Blăgești 2 0.10 0.13 0.12
Blăgești 3 0.09 0.09 0.11
Blăgești 4 0.10 0.08 0.13
Moșna 0.11 0.10 0.11
Săveni 0.11 0.11 0.10
Trușești 2 0.16 0.13 0.11
Table 4. The chlorophyll b content after 30 days of the saline treatments (mg/g-1FW)
Population local Control 100 mM NaCl 200 mM NaCl
Blăgești 1 0.20 0.18 0.16
Blăgești 2 0.10 0.12 0.21
Blăgești 3 0.19 0.08 0.05
Blăgești 4 0.08 0.24 0.20
Moșna 0.15 0.16 0.11
Săveni 0.19 0.18 0.13
Trușești 2 0.19 0.21 0.15
Table.  6. The carotenoid pigments content after 15 days of the saline treatments (mg/g-1FW)
Population local Control 100 mM NaCl 200 mM NaCl
Blăgești 1 0.16 0.11 0.10
Blăgești 2 0.06 0.08 0.12
Blăgești 3 0.06 0.05 0.04
Blăgești 4 0.05 0.08 0.11
Moșna 0.09 0.09 0.10
Săveni 0.09 0.10 0.09
Trușești 2 0.11 0.06 0.08
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are insignificant, indicating that the values  of the 
chlorophyll a, b and carotenoids content in control 
variant are close to those reported in the 100 mM 
and 200 mM saline- treated variants, respectively.
This demonstrates that in the local populations 
studied, the administration of saline solutions 
led to insignificant differences in the content of 
chlorophyll and carotenoids pigments. 
Conclusion 
After 30 days of application of saline 
treatments, the high content in chlorophyll a and 
b, reported in the local populations of Blăgeşti 2 
and Blăgeşti 4 beans, emphasizes that they still 
are in the first phase of osmotic stress, and this 
demonstrates a good ability to adapt to saline 
stress conditions. The analysis of the carotenoid 
pigments content also highlights that local 
populations Blăgeşti 2 and Blăgeşti 4 obtained 
higher values compared to untreated variant. 
This indicates good photosynthesis and photo-
protection capacity. It proves, once again, their 
positive reaction to saline stress, and as a direct 
consequence, the obtained results allow us to 
conclude that the studied genotypes have salinity 
resistance. According to the results of our study, 
only above mentioned two genotypesof the 
considered local bean population, show increased 
salinity resistance properties.
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